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   ~ THE . SYNTHESIS OF ISO- AND NORMAL BUTYL ~ 
  - ~ ALCOHOLS IN THE PRESENCE OF 
               CALCIUM CARBIDE.••" ~ 
                                 liy R. Nr•-ctstll.                                                                                                  ~~ 
    hl one of my previous papers" I have shown, in a general manner, that many 
ctrgauic subst-lnccs rut be directly synthesized from calcium carbide. It is uoty my ~ 'j 
intention. i  this jrryler to shore whether or not this new method of s}•nthesis can 
be controlled; ~ o some eitent, to produce butyl alcohols (limited to iso- and t 
normal). I have chosen this synthesis, because there has been evidence that some 
alcohols can. be formed rvhcn the carbide is reacted barb under ordinary" and antler 1 
clevaced pressures°, and because of its interest, academically and pl:icticall}•, as n 
source of the butenes which can be readily transformed into aviation gasoline and 
ingredients of high octane number. This synthesis has proved not only; heretofore, - ~ 
unreported in the litemhlre,'but it also takes place quite satisfactorily under practical 
catditions; and the c~ptirimental results'!* .are predictable from the theory. , 
    Before discussing the esperinunGil data, which have definite bearing on the 
subject, some thertilodynamic CalelllahOllS o l the free energies of the syntheses will 
be made. They will be given in the Tables and Fig. 1 below. For these caleula- ' 
tions thesamenotntions, relations, and. equations for the staudard free_ energy of t 
forliration as those given in one n[ my papers", which will be henceforth designated 
as Ya}tcr (A) 1, have Ixen used. For .the sake of convenience, the equations for ' 
those substances here involved will be giycn again in Table I. 
    lit Table lI JF°, the standard Erce energy of formation, at tao, 300, and '- ~ 
5oo°C, calculated b'9m the equations iir '1'a~lu 1 atre sholvn, and in "fable III dF; , 
the free energy of reaction involving the formation of oile nI01e of iso- or nomlal i 
     • Tl is the writer's pleasure to !bank Ilr: 111. Sato fig the permission fbr publiralion. 
     t) K. Negishi, This Journal, I5, tz7 (t9gt). 
     z) R. Negishi, Q.Kimurd, and0. Kamiike;: This Jnurnnl-, I5 3t 0940• 'Chis paper mill' hence- ~. 
forth lx referted to ns. 1'alxr (A) i. 
     3) R. Negishi mul O. Kamiike, Palm /-VI, n sericv n(papers onthe direct synlhesiso(hy~lro-
wrbons from thewcbide under ordi reswre,.:[n a r in Sx. Chent. bid, r r t - ~                           ~y Y PPw ~ ,/P~r, (94 } 
     q) R Negi'hi, At. NiTiayashi, and tl, Kamiuee; Papers I-TII, a series of [topers on ~Ihe direct 
synthesis ofhydrowrbms fr n the carbide under levated pressure, to appear in f. Sot. Chrm Ind., Jafan, 
    •• They will Ix descrilxd. fully in J. Chrm. Sot., firfnir, (tgga} The writer is~gratefol to Messrs.. , 
9akoh, Araky. Simmro, mul Kan° for making Ibe antoddve runs; aLSO In bin mlleaguery -I) . S.--I [amai,. ' 
Dtessn. Kamiike; Nibayashi,-]sobe, and Kalarika (or their hearty c°operation Throughout this umrk. 
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      s ~ Table I. 
1'he. Slnndnnl Frcc ~Encr~y of I~drmnlion.~
~ii1~lt~mi~1 Vol.
Val. XP
SirL:ilnnce F.gnulion , Reference
cn -z7o7o-z:o5 T]n T}aoozzS T"---o.zo (to-~) T'-7.9z T
C¢t -y4xm}o3o T .Lr T-o.oo03 7=}0.05 (to-fi)-Ta-o.9q T 7
GII_ +54'3Sz-i3.56 7` z
CI igOld -47t3e} c7.x9 T In T-o.ot4 7°--Sz T , f
t',HBOI{ -SaSZO}zo.33 T In T-a,ot3r T=-S5 T r
6'-l:.~iT90H -5947o}x6g1 T In T=o.ou3 7^--f36.S T
iuyC,jTIs011 -lwozo}i8.77 T In T-o.mo6 T=-to6.t(, T 6
H„!i -57t??}z.75 T In 7=0,00075 T=-6.65 T 7
• ('arLide . -t3zto}6 .g TIn T-3t.g7 T
Ca0 -tSzGgo-z.z5 T1n T-o.oot5 T=}37.53 T z
(JaCO~(cnltite)-zgo;34}o.7x3 ;"Tin T-z.77S(to~)T°-3a3 (to-"}7?}9535oJT}6t.3o l' z
na:nTTg -tx97}6z:67 T 5
iw-G~I Ir -454o}G3.oz ~ T z
n,Ci1I is -3zz9z}gt:55 T z
As in. ~nper (A) T, these quations arenul necessarily the mnst a<rnrale nnes. The same
      Cqualion3 love been nxd fnr the-sake of wmpar'smt. :For the more accurate orrecent lierm0dyuamic 
     data see: 
          R. S. 1'itzep J. C/tnn. Phyr:, 8, 7[[ ([940):,/• :fnr. Ghmr. S.+a., 62, [=zq Q94o); Chm. 2cv., 27, 
     39 ([9qo);-F'_D. Rrassini, f. 64ursrrh Nn{f. Rnr. StJ.r„ 22, qo7 ([939): Gi.ni. X.v., 27, [ (t4W); G. S.
     1'arkv; r%tid.,_27; 75 (i94o);(:. M. Tl[ncker, 1f. O. hnikins, and L. L, Miller, LrJ. Rn,P. Clnn.,. 33, 534 
     (i9gt); A, Sati~akita, This Journal, !:, [[3 (uylt); (Reviex• In Japanese).
           TnUlc ]I. 
TGe Sfnndu~L I~rce B.ncrgy of Ponnation,_F°.
SuFvvtance IOn° C 300° C 500° (:
CO -34200 -3t<4nn -4z5~
C.Oe -934~ -937~ -935~


















nrC,l [y0II -35100 -169oa z3oo
iso-C~Iiy0I1 -3Y6pn -197~ -68a
tL,O -53~ -51^gn -4ZS~
l 3(`.e -IS3oo -20300 -2+IOO
u0 -143~ -139~ - I3610n
CaCO~ -z66zn -z5i9nu -243zoo
     ':5) CalculNed as in Paper (A) 1 from the dala given Ly (:: L. 17wmas;, C. Sg1oR, and J 
Lrd.. I:'i:g. L'/rzrul, 29; rz6o (r937)•. 
     fi) A. \Y. Francis, ibid., 20; z83 (r9z8} 
    17)- J: CLiPrsiaur i6iQ., 24, ;oi3.. (r93x} 
     &). F.: K:Relley,Brv: dliarer, Bull. No. qoy,: 6.(f937}
C. ]linrrell,
      _.~












100° (: 300°C moo[.
t) F'mm Elemevt
Iv qC+StL_-F-.t/zo.=iw•[yIIsOI[ -. -37600 -t9700 -~
I6 qC+STL+•/za.=n-CaTIy01 t -35+~ -[6900 +z300
2) Fmm Acetylene
z QII<}I I.O+zI L=ivr-Ctl [a01 [ -S;Goo -GzSvv -40900
,i) Frnm Carbide+Wnler
2 (L2[~+3H.,0+z1 t.=isOd:al [aO P [+zCaO -t2770o -toy tad -BzSoa
4) T'rnm-Olefinsal
4~ n-Ctity+iGf7=n•C~I Ty011 -3000 +z5v +4300
qb
'sn-Cilis+I I_O=isn-C~l tyf)1 I -z9aa -Iq0 +3700
5) Fmm R ester-gas
qC0+8I I.=ivrCylly0l i+3IL0 -51500 -t980o -F 134m
6) Frnm \Vater•gas.l-Carbide+CO.!




SI[.+zCO_+zC11a0I I+Or=iso-(yI Lt04[+ryl GO -Iqz~ - i IS6vo -93500
Sf Friim Lllp•l' Alcahnh ~ 1
zU~i lzOfl=n-C,,1 [oOH+140 -IOg00 -SSoO -7000
9) rF aini Ethyl Alcnbnl+Carbidet
.:C.1 f501I+CaG } COr=n•f yl [u01 [+l:I L+G1C7Ja -G080o -50400 -80500
IO) From
I P0lymerira
Ttethyl and Ethyl Alarholste)
2CHa0}[ ~-G[ Iy01(=iw.Cal L>OI l+zl i.0 -zz7a0 -zo700 -la4t)al
II) Frnm ilfethytand Ethyl AIa~Lols+Carl>ide~
1 z)
zCI IaOTI+GI [;O11+zCa/ ~+zCO_=iso-CaFIgOIi+zGI Ii+zCaCOa
PulymerizcO.idatinv of Tiutane^) I-.
-IZ35o0 -ro3Soo -S51m
CaTIta+I/za=('al L,,OI -395 -39900 -39300
13). Frnm CO. and H.~+1
2 -F4~ } rOr +t7gvo
.y
cisaj~
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     g) -R.-Fussteig, Pe7ro4anr Z., 33, 4 (r937} Tn Ihix •work the pruduclion of .pure-ethyl, butyl, and 
'C
ylhtOll by ulettive ahaor~u inn of the mrtesponding olefins iu the appropriate tomm~tration of ILSOs 1 
with. AgCI-as catalyst is given. Alxo G. Eg1oH, '~ Reactions of Htrc 1 [ydrcx:nrhon<;' Reinhold Yublislr. 
Corp., N: Y. (x937): it. Elba, ° The l'hemistry o(Petrolcum Tkrivativc," Reinhold ['uhlish. Corp., N. Y. ~ i 
(r934 ~d~i937)• 
     _. In lhis~reaclion a methanol catalyst ix employed. Whether nr not GO., 'isadded, rmarly a 
qunnlilntive amount n( mrlxrnale is formed. Part 6f ILe walei gas inlrrnluced rcae[5 acurrtliog to •1 
and this C:O,. reaclx with the llnb pmduad. 1 ~ ~-) 
   • to) LY; . Fuhenind, A. C., G. I'. g798aiy; Since the equation of the reaction irnol girron,: it hiu 
Ixen wsumed`. as written. b -
    it) NeumSo, Brit. Y. 3afiStz (ryzR); O. Fucks and \V, Querfuph, C. I'. $9467x; IkutSChr Gold-
and $ilber-Sdreideansmlt vormala Roessler, Ifri[. P. 4ySi4t (r938). (C.d., S2, 46YO (tg38} In: the last 
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 butyl alcohol, according to the reactions as written, at too, 3oo,'and 5oo°C are given 
 and they are plotted in Fig. t. All these. reactions, e~th the exception oft (and, 
 perhaps; 3 although some evidence of the forntation of higher alcohols_ have been 
 :obtained from our low pressure czperiments'i), arc possible not only in theory but 
 also in ,practicc• Rexl. 
     t1s can be readily seen from +s° 
 Table III aitd Fig. 1, in all reac-
 tions involving the carbide, the free . 
.energies of the reactions. arc much ° n ~-" " 
 greater, by 4o to I zo Kcals., than .a 
 those' not containing it. Take, for 
n 
 esainple, reactions 2 and ; where _5n , 
 the alcohols are prepared frum a-
 .grdinary and nascent acetylene 
s
molecules, respectively, in Ivhich 
there is a diftcrence of 40 licals. ; 
reactions 5 and G. in which the 
alcohols are synthesized from a 
mixture of carbon monoxide and 
hydrogen, a difference of lao K_cals. 
takes place; reactions 8 and 9 in 
which the higher alcohols are formed 
from ethyl alcohol; there iti a dif-
ference of approximatelY4o ficals. ; 




            too 300 .500                          .Temp °C 
             l~ig. t. dPvs Temlieraturc. 
e a mixture of methyl and ethyl alcohols is 
m, containing a small amount oC other metal or naide, 
or xmislurc of. normal and isn-hutyl xlmhol nnbe 
go783, (C/uus..N•sL, 30, 6753 (1936)): Iktilsnc~ Cnld--vnd 
~5t (t939b (Clmm.:fbst,. 33, 4374 (t939))• In tpe latter 
~-treated with I{. at z°o-35o°C in the presence of a 
mall amount of one or more ratalyliully active metal 
Idgher alwhols. The pressarc may be ordinap~ or up 
Icuhol is prepared whether or not a catalyst is present. 
L'lum,, 24,. r3 (t93a1• 
!, ]037 (tg3o). Under. elevated pressureti and nl about 
















sense of a rslnlysl musotiug mainly a( magnesium, l iui  n 
such-ms Dtn, Fe, Cq 1V, So, Ni, and (b. 
      t '' In thix tale either almostall normal   mislurc . l  i o r l 
prepa:cd: -
      tz) O. Iruchs and' N. Qner(nrth, U. S. zo5 , r.. r., , 8  I ail 
'Silbec5cheidemtsralt vormals. Itoessler, (.. 1'. 6747jt i ;y). /run.:lbslo 33, 4374 (t939))• 
 paleiu, a mizture'o( methyl and ethyl ala,hols o-treated ith I{. ar zao-ago°  in the 
nraly>l consoling principally of 3(80 with a s ll      ml li ll, 
o:ides ~or mewls, such as .W_Oa nr CaO, 4. give u e , 
 [0.3oarmaepheres. 
     $ ny this method-principally i:n-butyl al o l o      oral 
     ~3) 1'. Irrrilidr and 1Yicrewich, lad. bag. Jrzns,~ I  u)Sz} . 
     
II4) D. I: Smith'and [.. L. Hirsf, ihid„ 2$ 1037 (tg3o). Undcr. elevated pressures 
 3oo°C-methmol is produced. This reaction o not x earl n( the Table pmpeq but has 
 here fnr a future referenre.
 s clga
        -` ~ ;~hl~lt~~it€1 Vo l' 15nNo. ' 
, 
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I used as a starting material for the foimation of the butyl alcohols, there is a 
        difference ofSo Iirrls. between the reactions involving and not ii)volvirig the carbide:
        These differei)ces correspond to, in terms of the logarithm of the equilibrium sonstanY, 
        which s_rclated to .the free energy by the relation; dF=-IiT hi K (ronii5 to V 
q6 fold ibcrease at 3i5o°C ; in other ivotds, there )will be a fiernendoi)s ncrease in 
        .the possibility of syrithesizilig thealc~hols. 
            It is interesting and instructive to conynre again the reactions 5 and 6. In 
    
' the absence of the.,carbide the free energy of reaction decreases from.,-5z5oo at! 
         Zoo°C to -1- I34oo at 5oo°C. .What this means His that, as the temperature.is in-
        creased, the tendency for the alcohol formation decreases •rapidly,.and at about 
         .4oo°C the free energy becomes zero. L) l.~racticc, however, tlfe reaction is usually     • ca
rried out above qoo°C's) and in a'dur to offset the decrease. iil the free 
        cneigy by the increase of the tenipcrature (to increase the rate of reaction),higher 
         pressures .are cm~)loyed. 
             The effecfof pressure onthe equilibria frn~ the` mm~mfive r actions, 
                   4C0+SH,=iso-C,H,OH+3Ii.0 (i) 
         and. 
                    4C0+31-I:+3CaC,=iso-C,iI„pH+3C.13.-}-3Ca0, (5'J
                 ' I Polymerize ' 
               -! 
         in which the carbide is added, mar he. roughly seeu from the following simple calculation.. 
        • Iu both rextions the gases were assumed iJcal and the-ratio ofCO to IL. renLained 1. to z 
 
- thiougnout, and in the latter eaction, Porthermrire, th  nascent acetylene molecules polymerized 
         -into a product )~itb a very low vapor pressum. Under these a=ssutnptions,he eyuilinrium 
          const.ints pf the reactions may-Ue written, respectively, 
              
' 
IZ=Phr„)P(R 3 curl .h'~= ~ Pht._-mss 
           
- f <cn) PlRal I lm1 f'Ulil 
         where Pl„rri. P(wnr. P~~oi, and Plirz) m•e, respeetii-ely, the ~lnial vnporpressures of alcohol, 
         water, caibon monosidc; and hrelrogen. Froril the data ~~iven i  T'ablell, dF or thereac- 
        tions (5)' and (5'J may be' approximately represented: by - _ , 
                    dF=-tizor9+r6z T and 
                 ts) ~G: T. 7ltorgam,. P._ Tay]°q and T. J. iledley,J. Sbe. Seem. !ml., 47;-tt7T (ulzS),.R. TayloF, 
         J. Chena,S.A> 1429 (I934)' G: T. Dforgan, Iiirdy, anrk l'rncler, J. Sut,. Client, Lid., 51, ta•{t932);G.T.
           Dforgan and. 12. Taylor 1'nx. Roll Sac., A 131, 533. (r93F): G. Natta, OXerr. Cheat, Zeilg.; 90; r6z (r937); 
 
- E. ill. Boeharova,. B. N. Do)gov, and Z. M. Prokhnmva„h'/r+'ao Tvm/ go Tojk'va, 6> 665 (ig35),. (Chem. 
           Abrt.y 30, 'zr7r (rg;6); L G. Farbenbind, A. G,. G.I'.. 6z5737(I936); IL'Tahara, Y; Tatuki, iaodJ.
 
' Simizu, J..Soa Cheat. Gtdy, Jafart (Sujrf. Bi~rdirrg), 438r (rg4o} ' l 
.. ~ ~ ' 
    - ~ 
' - f - ..
 ~. 
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'Since ~F=-h2' a.3 log ]i', 6y appropriate.. transpositions, 
              Loq Pwt'7.=Gtzt!'l'-to.z9~-SlogPtx;f anal                    
tcnl. 
             Lo: Pt=,~i~-              y -7774a/2'-65.79+8 log Ptrrl                 ! 
tcos 
result for the•runctions 5 a d 5', respectively. The left hand member of the cyuatons may 
..serve as an index for the degree of conversion into iso~butyl alcohol. f the reacting -gasps.
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o 6       c 
e. 4S, h= io.,m. i.m 
          9rAJ}+tlrs=ix.C.JIDUR}arimU , 
     o. r.o z.o z.3 ~tg Pnlil to r5 20 z5 xioJ 
     Lo to lao zoo P(atwJ Temp. °C-. Soo joo Joo 
Fig: za: E[fec[ ofPartial 1'rosure of }Iydmgea. Nig. zL. Nfrcct of Temperature. 
 When itu plotted agairvst the pnrtiai pressures of hydrogen, Fig: z a results.;: when plotted' 
  Cts:tint the reciprocals. of the temperature, P'ig. zh results. The Figures are self-e~planatory~, 
  and the elicet of presure on the Feactions in [he atisencc and in the presence of the u-trUide 
  is-clear. 
     Aroo• returning to the comparison which I started M make a~iginally berirecn 
  the reactions g and 6, it is seen that, where the carbide is used, -dF is very 
 much larger and even at 5oo°C it is still a~ouC -qo Kcals. This means. that not 
 only is the equilibrium further shifted to the right,, but also the tcmperahve. range 
 in which the alcohols caiY be synthesized is increased very muc1J, independently of 
 the. pressure. Since water is an. inlJibiEoJ- for higher alcohol formation 6y virtue of 
  r-'
/ 
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its harmful adsogttian on the ntalyst10r, .the pi`esence of the carbide which removes 
it cony~lciely and rapidly is particularly heaeficial. 
     Front' what has just beat considered. above, the jirescncc of the carbide may 
 increax. the rate* of the alcohol formation, and this tvouW manifest i self even at 
.much lowrr temperatures titan those conun~nly .employed" t. 1?videncc for it can 
 be seen from the results of-Table IV a -where the reaction temperatures haveIxen 
:varied from 300 to qoo°L, the rate of the effluent gas from 3 to zj lit./min., and 
the carbide content from 30o to tooogtam; per ram. There the amount of isu-
 butyl alcohol** formed lrer loo grams of the carbide reacted remains prrcfically" 
 the same, as shown in the last column of,dtc Table. In fact, there scents some 
 indication. that qoo°C may be toohigh, and the optimum teml:crahu•e al>fxars to 
 be abinrt 33o to 34o°L 
     Lt T:r61u I V b are shown the results of the runs in which the conditions arc 
 the same csccpt for the reaction pressnies. Unfortunately, during the run of 
                                       't'able. 1V a. ' 
                       CnrhidN I'asretWnrer Gas Rencli°nnat 2°okg/cm=. r 
                        ' 




Eap. xe. 'Temp: °C (hd~ide
VV
and







IVw Ser, I7St 30o--305 300 3Gw, 45 9-0 3.i
Icw-S 3m r00a ICA3~ 70. rC 350 3.5
VIIw Scr. 9j 3zo 300 6I n. 40 I3.3 4,1
lcw-G 3z0 ]om ICA 3. 7C t0 47.5 4.7
ICA-3 ;30 ]000 Icw3, 70 R SL9 5s
I ICA-]O 330 500 Ilcw, 50 5 ~.Y q.8
Ilcw-I6 330 500 Ilew. S0 3 0.8.5 5.7
II Ser. zz 340 500 IICw. 50 3 z94 5•v
IICw-0.5 3qo 750 IIOA, 50 3 35.3 47
ITcw-35 350 i S00 Ilcw, 25 5 0.$8 5.8
Tcw"4 350--3~ ]000 ICA3, 70 22-25 47.7 4~7
IICw-~ 400 soo IICA, s0. IC 20.111 aAll
No. fi
     ~ Approximately 
,yoyb CaC_ used) l'arhide to Oif _is r:z by xeight. 
     r Recalls inn "slnlic" autoclave. 
r 
     j Alan in °xtatic" nutodave: the average pressure u~ax.3oo t  t8o kg/an=: 
     d Mnally iaa•Iwtyl aladrnl, amlaining some IrydrncSrbnns of the same temperature. range. 
     ~~ 1'rneticnlly pure ian•alcohol. The results n( nzeotmpic distillation (R.:Negihi nnrl1. Isnhc, 6nll. 
ChruY. Sa<. Jrr/vrn, I8, z78 (t94t} 
     t6) 1'. F. Prnlic0 and P. S. Crydery. Lrd: Eng:: Cleoa.. 22,. IoSt;(1930} 
         The di>eussion of Ilte rate-here presented is -incomplete,since. tlw:concepl of the nrlivalion 
,energyis not explicitly given: - - _ 
     ~x' praclicnlly, .only 'iw-Lulyl nlcahol has been ;formed. 
' I ~ r ~ - ~ , 
            ` - 1 
         
~ r ! 0 ti. ~ .1' . x 
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ilcn Ser. 63 
I1G4-49~~
  Reaction 
Press Kg/Em=
    zoo 
   t5a 
   t5o 
























    ~, $, II have fhe same signifirnnce as in TaLle N a. 
     f Resnlis very magh; alwut ioo-r4o grams of Girbi~.le rearJed. 
IIa~-49 some riiechanical difficulty had developed, and the ruu was not completed, 
but the results indicated that iso-butyl alcohol coidd~be produced in the presence 
of the carbide at fairly low pressures ; the ntn was slower than that of ]Ica i6. 
Io- the former rwt, the slowest step in the reaction must have been the formation 
of methanol from the gas. This point will become more cle:u when the fornation 
of the alcohols from Chu lower alcohuls is considered. 
   If the reactions 8 and q .arc compared, some interesting results due to the 
addition of the carbide come fo light. Jn the absence of it, some catalyst is needed 
to tmnsfol7n ethyl alcohol iiyto the butyl aleghols (mainly normal), but in tlu. 
litesence of the rarl?ide, there is need of no catalyst to bring about this h~ansforma-
tioa, and if a methanol Catalyst is added, igo-butyl as tt•i~ll as the normal alciihol 
can be produced; as Table V shows. "Phc role of the catalyst in the above reac-
tioti may throw some light on the mechanism of the forr._ation of the higher 
                           Table V. 





















to o.o 6.7 z.5 t4~5 z
Ilcn-R
3$ (39) 54










tf II hxs the same significance ax in. 1'ahle iV. 
f Crude uo- nnd- Noghal hutyl xlmhpls (ilislillates in• the temperature ranges given, rexpectively). 
  Yrachcallp are iso- and mrnml 1~ulanoLv combined (iesulfs of~Solvrent.analp5u-). 
~~ Ezeluding unrescted ethpl alcohol.
                                                         9fiT~1t~~i~'1 Voles 15n Nod ~
.. 
{ ~_~ --
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          alcohols. The effect of a methanol catalyst may be 'that of establishing the 
   -, equilibrium, _ 
           and the ether forua:d may reactn•ith the. excess of ethyl alcohol to, produce iso-
~
6 
    .:_~
          butj•I alcohol. _ 
              •1'hcre an: a number of such mechanisms proposed for the (ormation of higher 
          alcohols as the reductions of aldehydes and of ketones by Pischcr and Tropsch'n t = 
-- the aldol condensation proposed by Hdotgm" t ; the salt formation of Nato" t ; :md' -
• 
the progressive condensation proposed h}• Proven and Galloway1Bt and by'Frolit:h'"• pi
 t "I'he latter mechanism is, according to. Frolich, 
- • : > zCl I;,OI I=(CI I,~,O t 1 L,O ' 
. .''R 
                   (CIi,)QO=CH,CH:OIi (by rcarrangentcnt) 
r 
                   CII,CIioOH+CI[a0I[=CI'I;CH,CFIEOII - -
                   CII,CIf~CHeOII+CII,OH=C,I[oOll+l1.0 or - -''. 
                                                                                                                                             .. 
                   2CI I,CI I_OH=C,ITgOH +H_O. 
     - He does not give a definite ntechanisnt for the formation of isoalcohols, but merely 
          mentions that (CII;,).,O may- be one o€ the intermediates. He and Cr}•der could ' 
          not obtain conclusive vidence that the reaction prtxecded through the ether step"t. °.~ 
                                                                                                                                                  ._ 
           Ltspite of it, I shall tentatively propose, as an extension of .the- progressive con- - -_ 
          dcn'satiun iechanisnr for the formation of normal a»d iso-butyl alcohols iu the- ~" 
          presence of the cat'bide, the following:. - _~- ~_~_ -
  
- zCII,OH=(CH,JeO+II,O ~ ' ~~ 
                 (CI T;).O=CH,CIia01 i _ ,+
                                                                                                                                                                ..' >;                    (CI f
a)_O -F CHIC I T..O I I=.iso-Cj l foO fl + I1.O 
                   2CI I,ChLOII=n-~:,I f~OII-+iIeO• ' 
         ` ]n the presence of the carbide tvc bave Found only aslight amount* of either s 
 • ethanol orpropyl alcohol whether we start out with pure cthaitol, with pure ,p          me(hanol, or with their mixhtres, in each ctise with or tvithouC a methanol catalyst 
         prom the ,ahovc fact, it seems more ptobable that the forniatiat of normal bu[anol "' 
             -- - ~
       
- - _ i7) F. Fischer and~tf. Tropsch, Die Umtwrndfune drr AoA4 iu Ode, 2, aqb (iyz4} - -
- ~ - ~ tS) G. T. Moryaq Pra<. Xy.-Sor., A 12T; zg6jt9p} 
               -'ty) Drown and Cnllpway,.Ind. L•'.{¢ Chrm•, 21, 3to (tyzy); ibid., P$.a75 (ty3o} ~~~ 
, - _ ao) Y. K. Fiolicly 7wd. FnB.. Chenr„ 2S, it[ (1931). -- ~: 
                 • Frolid{-mentions .that intermediate nlcohols react morn. rapidly than mtlhnnol; accounting also ~ ' 
 ~ ~ for-the l sser conanlmtion ofthem in the final'product. ~ - -K 
' 
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is rather from te•o moleciiles of C_}ibOII -than front propyl- alcohol and methanol, 
-at ]cast in the prescilcc of. the carbide.. ' -
    Piiyall}•, Ishall .discuss briclly the results obttincdby std rung out Ivith a mix-
turc of,ethyl :old methyl alcuhols in the prescnm of the carbide, and here, again; 
-there is need of no catalyst. In this casr, whcthur or not a catalyst is used, both 
norncil and isu-butyl alcuhols arc produced, and though the icsul[s arc no6 complete, 
they xeem to indicate that the proportion of the higlter alcuhols can be varied by • 
varying the ratio of the lower alcuhols. "Phil effect is shorn in Table Vl. :1'he • 
}'ield,of the butyl alcuhols by this process i  quite satisfactory, a$seen in "Cable VII: 
In a qualitative Ivay-, this process seem: to confiml the mechanism of the funnation 
oC the alcuhols .proposed in the preceding x:ctiun. , 
- ~ 'fable l'1. 
     CarLide Pnslc~tAlmhol, WilLnul l'alalysl: RcaUinn Te mpcrnlure 35o°C:-Yressum go kg/cm=. 
                   - Cmde I:omnol c<.t 
      Esp. Nn. AicnLo] Reaclnl Carbide ' .           I - Iso- Normal (3lnlc)                                              Io0 [o IIO IIO In t20 
      IIG-A Nlhyl q.o. Iq.z - -     G3>3' t39) 'lla:d z.25 
                                         (I Lzt) 
      I icw-A Ethyl quo ac      45 t4~) \fclbyl goo e:c. 2z.5 { 6.0 _ 
              ~ - Tnlal 3'O -.                                        (
I38#)      II55 A Afelhyl r6.g - I very sligfit - ~
Cmde I:umnol c<.t




K] to lo ID in 2O
IOA-
%3#' (39) Nlhyl q.o. ~ Iq.z'f~u:J .25
t t. t)
ICA-A thyl oo cc





Afethyl t6.g ery ligf t - 
                        
'~ '1'hrsamc ax'in''fable IV . ~ ~ -
                    } Tempernlure-ranges tak n. 
                 :~$. i'racticnlly pure isiti_and nonNilalcoho7s (Teaults of nlven/ gnalysis} 
' '  'I'abl V 11. 
 
                                            F.Rect o("n Dfethanol Calalysl. 
                          Carbides Yaste+Ethyl and Diethyl Alrnholsai.;So°L-and _gokgfcm~, 
                           
' Liquidprrnluels in c.c. 
              
'Rap. N°. ~Mellianol Ch alyst -
                                  llca (go) ISelow Iso• Non+ml ' 
~ 200°G} 100 h+ t10°C Ilo In ]20°l; +~ -_ 
  .. IIca-A -N
one 55.5 zz.,5 6.0 
    
- 45 (4f) i Total 
                                                    (t3.8j) 
               47 (45) go 5¢z z7•z I 3.0     '
_ _ Totnl                                                     (tvbY) 
                  ~ Thrsame as'in Table I V. 
•Ia ~t Exdusivc' of Yhc hnreaded alcnhnls: 
>~ _ $ The amue as-in T2ble VI. ' 
  ! ~~ ..' -
. 
                         ~_ - _.a..rieii7~. -. _~..~
R.gP. Na.
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     The sa!is(actoiy yield; the lower reaction temperatures, and the less pressure .;'r ~ ,
 dependence. of the nrti• processes here introduced for the 'first time coakl have been ~ '
 predicted from the simple-thermodynamic cogsickntions, and the recent work on / -
 the. dchvdration of alcoh_ols°'~, where mainly ethers .arc formed, seetns,to give- _..t• 
 further. assurance that the carbide plays a-unique role in, .the synthesis of norni¢ll'
 and iso-butyl alcohols: l . 
                                                                                                  
. +. ~t 
                              5titntnary. ,, 
         _ / i 
     Iso- aiuL 'norival butl alcohdh ave been synthesiied in the: pretence of, ~ t~ 
 calciuiit carbide. 'I'bis- new synthesis. 'has been proved therntod}•naniicallyand,' 
                                                                                        .' ~'.  practicall}':Tiott'crfuL _ , 
     A stew mccGanistn for the funnatiun of tBe buh•I alcuhuls has'bcen'tgiit.itively `" 
 {,ruposud, and some vidence in supl;urt of-jt has been given.. ~ t ~: -'~.,~~. 
    1'hc strong..alJiuit}' of he carbide igi-the water tvhicl7 is alnl}§ formed along.~+~ ' 
 with. the .higher nlcohols -in these syntheses plays particidaHy an important and-' 
 
.unique rule: _ N: 
   ' "I'1lc fine energies of reactions for the foimations of the butyl alcohols in fhe'"°.': 
 ]iresence and in .the absence df thr riibide Iii1Jc been calculated, and it his ttecit`• ~ as 
 shown thatin the former case, the ntagmtude of -JF is 6~pm goto t_2ol:c~als, 
 larger than :that of the :latter. ',e! ~;~ 
     It is thc'tslltcrs'(ilcasaitf iliity to acknbt~lcdge his gi'atitudc tu~ Professor. P ';~~ 
...r 
 DJaructtva for his j•t;ticular iitterest•aiid' encotiragemetit throughout the_=tours`.-cifo: 
                                                                                      fR 
-this tvorh-1[e.is also. grateful to Professor S, (foriba for l:e'rusing lhe'pal•erprior'~._~. 
 to-its liubliiation.- ~ ~ .. --
                                                     ~ d 
  
• 'l'he, C.cnti•al,LaLornfary, ~. ~ - `y, 
          +SO+rtlt ,l/anclnrria PiaihmyCompai+j,. - ~ ia,'~~
                                                    ~'_ Dairen. 
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